IN India rainfed agro-ecologies contribute 60% of the net sown area, 100% of the forest and 66% of the livestock. About 84-87% of pulses and minor millets, 80% of horticulture, 77% of oilseeds, 66% of cotton and 50% of cereals are cultivated under this region 1 . The area under dryland condition is 85 m ha (60% of total cultivated area), which receives average annual rainfall less than 1150 mm. Also, more than 30% of total geographical area of the country comes under low rainfall (less than 750 mm). About 84 districts in India fall in the category of low rainfall area.
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India ranks 41st among 181 countries with regard to water stress, with average score of 4.2 on the 0-5 scale system. (Water stress measures how much water is withdrawn every year from rivers, streams and shallow aquifers for domestic, agricultural and industrial uses. Scores above 4 on a scale of 0-5 indicate that, for the average water user, more than 80% of the water available is withdrawn annually.) The 4.2 score indicates that India is in the high risk zone with regard to water stress 2 .
India accounts for 2.45% of land area and 4% of water resources of the world, but it has 16% of the world's population. Total utilizable water resource in the country has been estimated to be about 1123 BCM (690 BCM from the surface and 433 BCM from groundwater), which is just 28% of the water derived from precipitation. About 85% (688 BCM) of water usage is being diverted for irrigation in agriculture; it may increase to 1072 BCM by the year 2050 (ref. 3) . By 2025, demand for domestic and industrial water usage may increase to 29.2 BCM. Thus water availability for irrigation is expected to reduce to 162.3 BCM.
A per capita availability of less than 1700 m 3 is termed as a water-stressed condition while per capita availability below 1000 m 3 is termed as a water scarcity condition. Table 1 indicates that India is headed towards becoming a country with water scarcity conditions 4 . Hence, there is an urgent need for efficient water resource management through enhanced water use efficiency. As water utilization is less in industrial (15%) and domestic (5%) sectors compared to agriculture (85%), and there are no further chances to reduce quantity of water in these sectors, the focus should be on agriculture sector for water saving without compromising on crop production.
Different methods for conserving water and reducing water use in agriculture

Ex situ methods
These are generally mechanical measures of water harvesting, e.g. bench terracing, countour bunding, creek bunding, etc. Microirrigation systems (viz. drip and sprinkler irrigation) also come under this category. 
In situ methods
What is a hydrogel?
Hydrogels are cross-linked polymers with a hydrophilic group which have the capacity to absorb large quantities of water without dissolving in water 5 . Water absorption capacity arises from the hydrophilic functional groups attached to the polymer backbone while their resistance to dissolution arises from cross-links between network chains. Polyacrylamide (C 3 H 5 NO) n is widely used as a synthetic hydrogel and is a polymer formed from acrylamide subunits ( Figure 1 ). It can be synthesized as a simple linear chain structure or cross-linked. Linear linked polyacrylamide will dissolve in water and cannot be used as a hydrogel for water absorption. Cross-linked polymers are synthesized as hydrogel using N,N-methylenebisacrylamide ( Figure 2 ). Cross-linked variants of polyacrylamide have shown greater resistance to degradation; hence, they are more stable for longer periods (2-5 years). Acrylamide is toxic (neurotoxic), but polyacrylamide is non-toxic. It is highly water-absorbent and forms a soft gel when hydrated 6 .
Water absorption mechanism of hydrogel
The hydrophilic groups (viz. acrylamide, acrylic acid, acrylate, carboxylic acid, etc.) of the polymer chain are responsible for water absorption in hydrogels. The acid groups are attached to the main chain of the polymer. When these polymers are put in water, the latter enters into the hydrogel system by osmosis and hydrogen atoms react and come out as positive ions. This leaves negative ions along the length of the polymer chain. Hence the hydrogel now has several negative charges down its length ( Figure 3 ). These negative charges repel each other. This forces the polymer chain to unwind and open up. They also attract water molecules and bind them with hydrogen bonding 7 . Hydrogel can absorb more than 400 times its weight of water by this mode. When its surroundings begin to dry out, the hydrogel gradually dispenses up to 95% of its stored water. When exposed to water again, it will rehydrate and repeat the process of storing water. This process can last up to 2-5 years, by which time biodegradable hydrogel decomposes.
General uses of hydrogel
Due to the large water absorption capacity, hydrogels are used in many products having importance in our daily life, including diapers, hair gels, sanitary napkins, sweat soaking body powder, sealing, artificial snow 8 , agriculture 9 , drug delivery systems 10 , pharmaceuticals 11 , biomedical applications 12 , tissue engineering and regenerative medicine 13, 14 , wound dressing material 15 , separation of biomolecules or cells 16 , and barrier materials to regulate biological adhesion 17, 18 .
Use of hydrogel in agriculture
Hydrogels are used to improve the ability of soil to absorb water. They are prepared by grafting and crosslinking of water-absorbent polymers (polyacrylamide) onto a cellulose derivative backbone polymer chain (carboxymethyl cellulose). These hydrogels are more biodegradable and therefore safer to the environment 19 . Unlike superabsorbent polymers employed in hygienic applications which must possess the fast rate of fluid absorption and ability to retain it under high load, the agricultural hydrogels should not only have the ability to absorb water, but must release the same gradually according to specific requirements of the plants.
Preparation of hydrogel
When cellulytic derivatives get irradiated, the radiation breaks some of carbon bonds of glucose molecules in the cellulose chain, resulting in free radical sites on the polymeric backbone (Figure 4 ). Cellulose radicals formed during irradiation add to one side of the acrylamide to form cellulose-acrylamide graft copolymer 20 . 
Absorption capacity of hydrogels
Water contains Ca ++ and Mg ++ ions. When hydrogel absorbs water these ions react with negative sites in the polymeric chain resulting in the formation of non-soluble salts which block the negative ion sites. This blockage increases with the salinity of water and further cycles of wetting and drying. The water absorption capacity of hydrogels decreases due to these two factors ( Figure 5 ) 21 .
Key characteristics of agricultural hydrogels
Agricultural hydrogels are natural polymers containing a cellulose backbone ( Figure 6 ). They can also perform well at high temperatures (40-50C) and hence are suitable for semi-arid and arid regions. They can absorb a minimum of 400 times of their dry weight of pure water and gradually release it according to the needs of the crop plant. Because of their neutral pH, they do not affect nutrient availability, soil chemical composition, action of other agro chemicals, viz. fertilizers, herbicides, fungicides, insecticides, etc. Hydrogels are found to improve the physical properties of soils (viz. porosity, bulk density, water holding capacity, soil permeability, infiltration rate, etc.) 22 . Table 2 discusses the effect of hydrogels on soil properties 23 . The details regarding commercial availability of hydrogel for agricultural use in India are given in Table 3 with trade names and manufacturing company names.
Increase in porosity results in improvement in seed germination and rate of seedling emergence, root growth and density, and reduced soil erosion due to reduction in soil compaction. It also increases biological/microbial activities in the soil, which increase oxygen/air availability in root zone of the plant 24 . Hydrogels help plants withstand extended moisture stress by delaying the onset of 25 . Different enzymatic activities which are indicators of microbial population in the soil (viz. acid phosphatase, alkaline phosphatase, dehydrogenase, protease and urease) are increased with the application of hydrogel in sandy soils 26 . Agricultural hydrogel can be used for all crops and all soil types. Its benefits are most easily noticed in nurseries and seedling beds, crops sensitive to moisture stress, crops requiring large quantities of water, and container gardens -pot cultures.
Rate of application of agricultural hydrogel depends upon the texture of soil -for clay soil: 2.5 kg/ha (at the soil depth of 6-8 inches). For sandy soil: up to 5.0 kg/ha (at the soil depth of 4 inches).
Application methods
 For field crops: Prepare an admixture of hydrogel and fine dry soil in 1 : 10 ratio and apply along with the seeds/fertilizers or in the opened furrows before sowing. For best results, hydrogel should be close to seeds.  In nursery bed for transplants: Apply 2 g/m 2 (or according to recommended rate) of nursery bed mix of hydrogel uniformly in the top 2 inches of the nursery bed. In pot culture, mix 3-5 g/kg of soil before planting.  While transplanting: Thoroughly mix 2 g (or according to recommended rate) of hydrogel per litre of water to prepare a free-flowing solution; allow it to settle for half an hour. Dip the roots of the plant in the solution and then transplant in the field.
The results of field experiment in wheat in different wheat-growing zones of India (viz. northeastern plain zone, central and peninsular zone) show that application of 5 kg/ha of hydrogel produced significantly higher grain yield with all the levels of irrigation (viz. no irrigation, two and four irrigations). Also, the equivalent yield of four irrigations with no hydrogel was obtained with only two irrigations when 5 kg/ha of hydrogel was applied 27 . Application of 2.5 kg/ha of hydrogel produced significantly higher growth and attributing characters and yield in aerobic rice compared to control in all the types of lands (viz. flat bed sowing, ridge sowing and raised bed sowing) 28 . Coating of pearl millet seed with 10 and 20 g of hydrogel/kg of seed resulted in the production of significantly higher effective tillers, ear length, test weight, grain and stover yield compared to control and watersoaking treatment 29 . Results of application of 200 kg/ha of hydrogel in peanut were found to be significantly superior in respect of all the growth and yield characters (viz. seed yield, biomass yield, pod yield, number of branches per plant and 100 seed weight) in sandy soil of Iran with hot and arid climate 30 . Yield of wheat was found to increase by 8.48% over control with the application of 5 kg/ha of hydrogel in clay loam soil with 100% recommended dose of fertilizers 26 . The results obtained from farmers field demonstration conducted by ICAR at different locations in Uttar Pradesh evidenced that soil application of hydrogel @ 5 kg/ha along with three irrigations in different wheat varieties is able to produce grain yield equivalent to irrigating wheat crop with five times without hydrogel application (Table 4) . It indicates that soil application of hydrogel can save two irrigations in wheat without reducing the grain yield. Increasing doses of hydrogel from Note: 4 kg of soil medium was used for each pot 32 .
0.1% to 0.5% of soil medium in indoor ornamental plants, viz. coleus, resulted in increased plant height, stem diameter, number of branches and leaves (Table 5) . 
Field performance
Salient findings
 A low rate of application, ranging from 1 to 2 kg/acre is effective in most of the crops.  Lesser effect of fertilizer and salt solutions on the swelling ratio of hydrogel.  Compared to control, the hydrogel amended sandy loam soil and medium without soil, e.g. sand, cocopit, etc. (used to raise vegetable and flower nurseries) exhibited delay in the onset of permanent wilting point (2-6 days).
 In hitech horticulture, the application hastened seedling growth and establishment period of chrysanthemum cuttings (18 days) compared to control crop (28 days).  Reduced the frequency of drip fertigation in horticultural crops raised under protected and open field conditions respectively.  Significant improvement in yield and water use efficiency in hi-tech cultivation compared to control in most of the test crops.
Hydrogels are environment friendly
Biodegradable hydrogels contain labile bonds either in the polymer backbone or in the cross-links used to prepare the hydrogels. The labile bonds can be broken under physiological conditions either enzymatically or chemically over a period of time. End-products after degradation are CO 2 , water and ammonia 31 . Acrylamide, a monomer used for hydrogel preparation is neurotoxic, but polyacrylamide itself is non-toxic. The polyacrylamide can never reform its monomer. Hence there is no residual amount of acrylamide present in the soil after degradation of hydrogel, especially when cellulose is used as backbone. Acrylamide residue is also not detected in crop products which are grown with hydrogel application.
Conclusion
Hydrogel application increases productivity in almost all the test crops (cereals, vegetables, oilseeds, flowers, spices, etc.) in terms of crop yield. It also helps improve the quality of agricultural produce in terms of plant biomass, fruit and flower size and colour with improvement in hydro-physical and biological environment of the soil. Hence hydrogels may become a practically convenient and economically feasible option in water-stressed areas for increasing agricultural productivity with environmental sustainability.
